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Abstract
Background: Pain relief during labour is a topic of major interest in the Netherlands. Epidural analgesia is
considered to be the most effective method of pain relief and recommended as first choice. However its uptake by
pregnant women is limited compared to other western countries, partly as a result of non-availability due to logistic
problems. Remifentanil, a synthetic opioid, is very suitable for patient controlled analgesia. Recent studies show that
epidural analgesia is superior to remifentanil patient controlled analgesia in terms of pain intensity score; however
there was no difference in satisfaction with pain relief between both treatments.
Methods/design: The proposed study is a multicentre randomized controlled study that assesses the
cost-effectiveness of remifentanil patient controlled analgesia compared to epidural analgesia. We hypothesize that
remifentanil patient controlled analgesia is as effective in improving pain appreciation scores as epidural analgesia,
with lower costs and easier achievement of 24 hours availability of pain relief for women in labour and efficient
pain relief for those with a contraindication for epidural analgesia.
Eligible women will be informed about the study and randomized before active labour has started. Women will be
randomly allocated to a strategy based on epidural analgesia or on remifentanil patient controlled analgesia when they
request pain relief during labour. Primary outcome is the pain appreciation score, i.e. satisfaction with pain relief.
Secondary outcome parameters are costs, patient satisfaction, pain scores (pain-intensity), mode of delivery and
maternal and neonatal side effects.
The economic analysis will be performed from a short-term healthcare perspective. For both strategies the cost of
perinatal care for mother and child, starting at the onset of labour and ending ten days after delivery, will be registered
and compared.
Discussion: This study, considering cost effectiveness of remifentanil as first choice analgesia versus epidural analgesia,
could strongly improve the care for 180.000 women, giving birth in the Netherlands yearly by giving them access to
pain relief during labour, 24 hours a day.
Trial registration number: Dutch Trial Register NTR2551, http://www.trialregister.nl
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Background
Epidural analgesia is considered to be the most effective
method of pain relief during labour and is recommended
as first method of pain relief by the Dutch Societies of
Gynecologists and Anesthetists [1,2]. In the Netherlands
its uptake by pregnant women in labour of all ethnicities
is still limited (11.3% in 2008 but in the last years in-
creasing with 1-2% per year), compared with other west-
ern countries, partly as a result of non-availability due to
logistic problems. This is an undesirable situation, espe-
cially since the number of women asking for pain relief
during labour is increasing. There is also need for a safe
alternative for women who cannot receive epidural anal-
gesia because of contraindication for epidural analgesia.
The availability and uptake of epidural analgesia during
labour varies significantly between countries, for ex-
ample approximately 20% of women in the UK and 58%
of women in the USA use this form of pain relief. There
is considerable variation in the availability of epidural an-
algesia within the UK as in the Netherlands [3].
There are situations in which epidural analgesia is
contra-indicated. In these cases intramuscular or intra-
venous opioids provide an alternative. Variation is also
present in the use of opioids during labour, reported
numbers range from 5-66%. In the last update of the
Cochrane review “Parenteral opioids for maternal pain
management in labour” the authors recommend a prag-
matic large randomized controlled trial to compare pain
relief using an opioid to other methods of pain relief to
collect data on maternal satisfaction, co-interventions
and maternal and neonatal outcome prospectively [4].
At present in the Netherlands, pain relief during labour
is of major interest and an important topic for pregnant
women, health care providers and politicians, as is pointed
out in the publication of the Steering Committee Preg-
nancy and Birth installed by the Dutch Ministry of Health,
Welfare and Sports [3]. One of the advices is that all
Dutch women in labour should have access to adequate
pain relief. The working party of the Dutch guideline "Pain
relief during labour" recommends using remifentanil pa-
tient controlled analgesia (PCA) only in controlled setting
and recommends a large trial. Nevertheless, over one third
of Dutch hospitals use remifentanil PCA on labour wards.
Possible explanations are that the presence of an
anesthetist for this type of analgesia is not required and
that administration of remifentanil is quicker and less in-
vasive than epidural analgesia. Literature study reveals that
this does not only apply to the Dutch obstetrical system,
which differs from other western countries because of a
higher percentage of women under the care of community
midwives and of home-births.
The most commonly used opioid is intramuscular
pethidine. However, its analgesic effectiveness is widely
challenged [5-7]. Remifentanil is a synthetic opioid
(anilidopiperidine) with direct agonist action specifically on
μ-opioid receptors [8]. The rapid onset and offset of the
drug make remifentanil very suitable for administration via
patient controlled analgesia (PCA), which can be used for
analgesia during labour. Placental transfer of remifentanil
does occur but appears to be rapidly metabolized, redistrib-
uted, or both. There were no adverse neonatal or maternal
effects, only mild maternal sedation and respiratory
changes [9]. There have been multiple clinical studies on
the use of remifentanil in women in labour [10-22].
Two studies address pain relief scores of remifentanil
PCA (patient controlled analgesia) compared to epidural
analgesia, although both had limitations. Volmanen et al.
limited the observation period to only one hour. Douma
et al. recorded pain relief scores as a secondary outcome
measure in a study powered to investigate difference in
pain scores. Both studies showed that in terms of pain
scores (pain-intensity), epidural analgesia is superior tot
remifentanil PCA. However, there was no difference in the
pain appreciation scores between both treatments [23,24].
Methods/Design
Aims
The objective of this study is to test the hypothesis that
remifentanil PCA is as effective as epidural analgesia
with respect to patient satisfaction and pain appreciation
scores, with lower costs and possibly the benefit of easier
achievement of 24 hours availability of pain relief for
women in labour.
Participants/eligibility criteria
All pregnant women in the participating hospitals will be
informed of the trial at antenatal visits in the third tri-
mester. They can participate in the trial if they are
healthy or have a mild systemic disease (ASA physical
status 1 or 2) and are 18 years or older with a gestational
age >32 weeks. Randomization takes place before active
labour has started, at antenatal visits in the third trimes-
ter or at admission on the ward before induction. Exclu-
sion criteria are hypersensitivity for any of the products
used or if there is a contraindication for epidural
analgesia.
Procedures, recruitment, randomization, collection of
baseline data
The study will be a multicentre randomized controlled
study. The study will be performed within the Dutch Con-
sortium for Studies in Women’s Health and Reproductiv-
ity. Participating hospitals can be district, teaching or third
referral hospitals. Before entry into the study, women are
informed about the aims, methods, reasonably anticipated
benefits and potential hazards of the study. They are
informed that their participation is voluntary and that they
may withdraw consent to participate at any time during
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the study. Choosing not to participate will not affect care.
In every centre an independent gynaecologist will be avail-
able for more detailed information both for patients and
colleagues if required.
After giving sufficient information, written informed
consent is obtained. The consent form must be signed
before performance of any study-related activity. After
obtaining informed consent women will be randomized
and will be informed on the assigned method of pain re-
lief before labour starts (as in usual care). They are only
given pain relief during labour at their request or if a
medical reason should arise.
Randomization will be stratified for centre and parity.
We will apply block randomization with a fixed block
size. Randomization will be performed through a web-
based database located in the central data collection unit
in the AMC in Amsterdam. Women will be randomly
allocated to receive remifentanil PCA or epidural anal-
gesia when they request pain relief during labour. There
will be no blinding, as this is not possible due to the na-
ture of the two treatment methods.
Baseline demographic, past obstetric and medical his-
tories, including ASA physical status, will be recorded
for all women.
All details of delivery and health care received in the
ten days after delivery are recorded in the case record
form that is accessible through a website http://www.
studies-obsgyn.nl/ravel.
Interventions
After giving informed consent women will be rando-
mized to receive remifentanil PCA or epidural analgesia
during labour if they request pain relief during labour.
Parturients randomized to intravenous remifentanil will
receive a 30 μg loading dose and boluses of 30 μg with a
3 minute lockout time. We decided on a flexible bolus
dose. In case of insufficient pain relief the bolus can be
increased to 40 μg or decreased to 20 μg in case of ex-
cessive side effects. Parturients randomized to epidural
analgesia will receive epidural analgesia according to
local protocol.
Outcome measures
The main outcome parameter is pain appreciation, i.e.
satisfaction with pain relief. Women will be asked to ex-
press their level of satisfaction with pain relief every
15 min during the first hour and hourly after that. This
will be scored on a visual analogue scale (VAS) ranging
from 1 (highly dissatisfied) to 10 (highly satisfied).
Secondary endpoints are pain scores, scored on a vis-
ual analogue scale ranging from 1 (no pain) to 10 (worst
imaginable pain), maternal side effects, mode of delivery
and maternal and neonatal mortality and morbidity.
Economic evaluation
General consideration
The results of the study will provide insight on whether
remifentanil PCA in women in labour will reduce costs
as compared to epidural analgesia, assuming there will
be equivalence in pain appreciation of both methods. At
present, no clinical study has been published or under-
taken to investigate this issue. An estimation of costs for
remifentanil PCA versus epidural analgesia shows a de-
crease of 64 euro per patient. The difference in costs is
due to the extra costs of anesthetic staff and nurses,
required when epidural analgesia is given.
Cost analysis
Economic analysis
The economic analysis will be performed from a short-
term healthcare perspective. Anticipating on equality in
pain appreciation scores the economic analysis will be a
cost minimization analysis. For both strategies the cost of
perinatal care for mother and child, starting at the onset of
labour and ending ten days after delivery, will be registered
and compared (without discounting). The costs consist of
costs of delivery/childbirth (course and mode of delivery),
postnatal maternal care (hospitalization, outpatient visits),
neonatal care (admission to NICU/neonatology ward, out-
patient visits) and primary care (midwife, general practi-
tioner, maternity care).
Volumes of hospital care are measured prospectively
alongside the clinical study in all participating centres as
part of the case record form. Health resource use outside
the hospital will be recorded by questionnaires filled out
by the patients. Costs of delivery/childbirth will be based
on cost price analysis. Other resource use (hospital days,
outpatient visits and primary care) will be valued using
standard prices [25].
Follow up of women and infants
Details of admission of women and newborns will be
recorded as will maternal and neonatal complications.
Long term follow up is at present not part of this study.
Statistical issues
Sample size
The sample size is calculated based on the primary out-
come measure pain appreciation. We hypothesize that
there is no difference in pain appreciation with the two
sided test (alfa = 0.05, power (1-beta = 0.9). In this non-
inferiority design in each group 102 women have to be
treated to exclude a potential clinical relevant difference
of 10% (10 point scale, estimated SD 2.2). Allowing for
10% and 30% cross-over/ non-compliance in the control
group and experimental group respectively, 568 patients
are required. We estimate that in the group of pregnant
women who are willing to participate in the study 50%
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will actually need pain relief. This in contrast to the
whole Dutch pregnant population, which is known for a
low uptake of pain relief during labour. Therefore 1136
women have to be randomized. In case of missing data
on the primary endpoint, we will extend the number of
women to be recruited accordingly.
Data analysis
Data will be analyzed according the intention to treat
principle. First, the remifentanil and epidural group will
be compared. Relative risks and 95% confidence inter-
vals will be calculated for the relevant outcome mea-
sures. Categorical variables will be tested with the Chi-
square test or Fisher’s exact test. Continuous variables
will be tested with the Mann–Whitney U test. Time to
delivery will be assessed using Kaplan-Meier analysis. In
case of equivalence between outcomes, the analysis will
be repeated on a par protocol basis. Subsequently,
planned subgroup analysis will be done for nulliparous
versus parous women, previous caesarean section, pre-
term labour (32–34 weeks and 34–37 weeks) and term
labour (37–42 weeks), spontaneous versus induced
labour, maternal educational level, maternal age (under
35 years versus over 35 years) and multiple pregnancy.
We will then use decision analysis to evaluate which
intervention strategy, i.e. remifentanil or epidural anal-
gesia is preferred in women who need analgesia during
labour.
Interim analysis
No interim analysis will be performed. Because of the
suggested design of the trial where equivalence is
expected all 1136 women have to be randomized in
order to achieve sufficient power. Both remifentanil PCA
and epidural analgesia are widely used in the Nether-
lands as pain relief during labour and no adverse events
have been recorded to date.
Serious Adverse Events (SAEs) and Suspected Unex-
pected Serious Adverse Reactions (SUSARs) will be
reported to a Data Safety Monitoring Committee (DSMC).
The DSMC can order to perform an interim analysis and,
if indicated, terminate the trial prematurely.
Ethical considerations
This study is approved by the National Central Commit-
tee on Research involving Human Subjects (CCMO -
NL34262.058.10.), by the ethics committee of the Leiden
University Medical Centre (Ref. No. P10-240) and by the
boards of management and ethics committees of all par-
ticipating hospitals.
Discussion
In the Netherlands uptake of epidural analgesia is lower
than in surrounding western European countries. This
can be partly due to our obstetrical system; a large
number of women under the care of community mid-
wives and about 25% of all births take place at home.
Epidural analgesia is recommended as first method of
pain relief by the Dutch Societies of Gynecologists
and Anesthetists. In daily practice not every labour
ward in the Netherlands has 24 hour availability of
epidural analgesia. One of the alternatives is remifen-
tanil PCA. Over one third of all hospitals use remi-
fentanil as pain relief during labour. With this study
we aim to test the hypothesis that remifentanil PCA
and epidural analgesia are equivalent in pain appreci-
ation with possible fewer costs. The outcome of this
study could improve the care for over 180.000
women giving birth in the Netherlands yearly.
Abbreviations
ASA: American Society of Anesthesiologists; PCA: Patient controlled analgesia;
DSMB: Data safety monitoring board.
Competing interests
The authors declare that they have no competing interests.
Acknowledgments
This study is funded by ZonMw, a Dutch organisation for Health Research
and Development. Project number 80-82310-97-11039.
Author details
1Department of Obstetrics and Gynaecology, Leiden University Medical
Centre, Leiden, the Netherlands. 2Department of Obstetrics and Gynaecology,
University Medical Centre Groningen, Groningen, the Netherlands.
3Department of Obstetrics and Gynaecology, Amphia hospital, Breda, the
Netherlands. 4Department of Obstetrics and Gynaecology, Academic Medical
Centre, Amsterdam, the Netherlands. 5Department of Obstetrics and
Gynaecology, HagaZiekenhuis, Den Haag, the Netherlands. 6Department of
Obstetrics and Gynaecology, Reinier de Graaf Gasthuis, Delft, the Netherlands.
7Department of Obstetrics and Gynaecology, Onze Lieve Vrouwe Gasthuis,
Amsterdam, the Netherlands. 8Department of Obstetrics and Gynaecology,
Radboud University Nijmegen Medical Centre, Nijmegen, the Netherlands.
9Department of Obstetrics and Gynaecology, Maxima Medical Centre,
Veldhoven, the Netherlands. 10Department of Obstetrics and Gynaecology, St.
Antonius hospital, Nieuwegein, the Netherlands. 11Department of Obstetrics
and Gynaecology, Diakonessenhuis, Utrecht, the Netherlands. 12Department
of Obstetrics and Gynaecology, Meander Medical Centre, Amersfoort, the
Netherlands. 13Department of Obstetrics and Gynaecology, Zaans Medical
Centre, Zaandam, the Netherlands. 14Department of Obstetrics and
Gynaecology, St Lucas Andreas hospital, Amsterdam, the Netherlands.
15Department of Obstetrics and Gynaecology, VU Medical Centre,
Amsterdam, the Netherlands. 16Department of Obstetrics and Gynaecology,
ZiekenhuisGroepTwente, Almelo, the Netherlands. 17Department of Medical
Decision Making, Leiden University Medical Centre, Leiden, the Netherlands.
18Department of Pediatrics, Leiden University Medical Centre, Leiden, the
Netherlands. 19Department of Anesthesiology, University Medical Centre
Groningen, Groningen, the Netherlands. 20Department of Anesthesiology,
Leiden University Medical Centre, Leiden, the Netherlands.
Authors’ contributions
AM, KB, AD, MS, JvL, and BWM were involved in the conception and design
of the study. LF, AM, KB, AD, MS, JvL, and BWM drafted the manuscript. All
authors mentioned in the manuscript are members of the RAVEL-trial study
group. They are local investigators at the participating centers. All authors
read, edited and approved the final manuscript.
Received: 16 April 2012 Accepted: 2 July 2012
Published: 2 July 2012
Freeman et al. BMC Pregnancy and Childbirth 2012, 12:63 Page 4 of 5
http://www.biomedcentral.com/1471-2393/12/63
References
1. Guideline: Pijnstilling tijdens de bevalling (pain relief during labour).: NVOG
(Dutch Society of Obstetrics and Gynecology); 2008. http://www.nvog.nl/
upload/files/definitief-richtlijn-pijnbehandeling-bij-de-partus_def-091208.pdf.
2. : Een goed begin., : [http://www.rijksoverheid.nl/documenten-en-publicaties/
kamerstukken/2009/12/30/een-goed-begin-veilige-zorg-rond-zwangerschap-
en-geboorte.html].
3. Anim-Somuah M, Smyth R, Howell C: Epidural versus non-epidural or no
analgesia in labor. Cochrane Database Syst Rev 2011, 12:CD000331.
4. Ullman R, Smith LA, Burns E, Mori R, Dowswell T: Parenteral opioids for
maternal pain management in labour. Cochrane Database Syst Rev 2011,
10:CD007396.
5. Olofsson C, Ekblom A, Ekman-Ordeberg G, Hjelm A, Irestedt L: Lack of
analgesic effect of systemically administered morphine or pethidine on
labor pain. Br J Obstet Gynaecol 1996, 103:968–972.
6. Aly EE, Shilling RS: Are we willing to change? Anaesthesia 2000, 55:419–420.
7. Reynolds F, Crowhurst JA: Opioids in labor – No analgesic effect. Lancet
1997, 349:4–5.
8. Michelsen LG, Hug CC Jr: The pharmacokinetics of remifentanil. J Clin
Anesth 1996, 8:679–682.
9. Kan RE, Hughes SC, Rosen MA, Kessin C, Preston PG, Lobo EP: Intravenous
remifentanil. Anesthesiology 1998, 88:1467–1749.
10. Thurlow JA, Waterhouse P: Patient-controlled analgesia in labor using
remifentanil in two parturients with platelet abnormalities. Br J Anaesth
2000, 85:176–177.
11. McCarroll CP, Paxton LD, Elliott P, Wilson DB: Use of remifentanil in a
patient with peripartum cardiomyopathy requiring Caesarean section. Br
J Anaesth 2001, 86:135–138.
12. Jones R, Pegrum A, Stacey RG: Patient-controlled analgesia using
remifentanil in the parturients with thrombocytopenia. Anaesthesia 1999,
54:461–465.
13. Roelants F, De Franceschi E, Veyckemans F, Lavand'homme P:
Patient-controlled intravenous analgesia using remifentanil in the
parturient. Can J Anesth 2001, 48:175–178.
14. Blair JM, Hill DA, Fee JP: Patient-controlled analgesia for labor using
remifentanil: a feasibility study. Br J Anaesth 2001, 87:415–420.
15. Volikas I, Butwick A, Wilkinson C, Pleming A, Nicholson G: Maternal and
neonatal side-effects of remifentanil patient controlled analgesia in
labor. Br J Anaesth 2005, 95:504–509.
16. Volikas, Male D: A comparison of pethidine and remifentanil
patient-controlled analgesia in labor. Int J Obstet Anesth 2001, 10:86–90.
17. Thurlow JA, Laxton CH, Dick A, Waterhouse P, Sherman L, Goodman NW:
Remifentanil by patient-controlled analgesia compared with
intramuscular meperidine for pain relief in labour. Br J Anaesth 2002,
88:374–378.
18. Evron S, Glezerman M, Sadan O, Boaz M, Ezri T: Remifentanil: A novel
systemic analgesic for labor pain. Anesth Analg 2005, 100:233–238.
19. Blair JM, Dobson GT, Hill DA, McCracken GR, Fee JP: Patient controlled
analgesia for labor: a comparison of remifentanil with pethidine.
Anaesthesia 2005, 60:22.
20. Volmanen P, Akural EI, Raudaskoski T, Alahuhta S: Remifentanil in obstetric
analgesia: a dose-finding study. Anesth Analg 2002, 94:913–917.
21. Volmanen P, Akural E, Raudaskoski T, Ohtonen P, Alahuhta S: Comparison of
remifentanil and nitrous oxide in labor analgesia. Acta Anaesthesiol Scand
2005, 49:453–458.
22. Balki M, Kasodekar S, Dhumne S, Bernstein P, Carvalho JC: Remifentanil
patient-controlled analgesia for labor: optimizing drug delivery regimens.
Can J Anesth 2007, 54:626–633.
23. Volmanen P, Sarvela J, Akural EI, Raudaskoski T, Korttila K, Alahuhta S:
Intravenous remifentanil vs. epidural levobupivacaine with fentanyl for
pain relief in early labor: a randomised, controlled, double-blinded study.
Acta Anaesthesiol Scand 2008, 52:249–255.
24. Douma MR, Middeldorp JM, Verwey RA, Dahan A, Stienstra R: A randomised
comparison of intravenous remifentanil patient-controlled analgesia with
epidural ropivacain/sufentanil during labour. Int J Obstet Anesth 2011, 20
(2):118–123.
25. Hakkaart-van Roijen L, Tan SS, Bouwmans CAM: Manual for Costing: Methods
and standard costs for economic evaluations in health care. [In Dutch]. Dutch
Health Insurance Executive Board: Amstelveen; 2010.
doi:10.1186/1471-2393-12-63
Cite this article as: Freeman et al.: Remifentanil patient controlled
analgesia versus epidural analgesia in labour. A multicentre randomized
controlled trial. BMC Pregnancy and Childbirth 2012 12:63.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Freeman et al. BMC Pregnancy and Childbirth 2012, 12:63 Page 5 of 5
http://www.biomedcentral.com/1471-2393/12/63
